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Abstract
Background:

This study aimed to compare the efficacy of recombinant human bone morphogenetic protein-2 (rhBMP-
2)-loaded self-setting calcium phosphate cement (CPC) combined with the nose ring drain (NRD)
technique versus conventional surgery with conventional drainage in treating gouty tophus with bone
defect of the first metatarsophalangeal joint.

Methods:

This study was a retrospective study. A total of 40 patients with gouty tophus and bone defect of the first
metatarsophalangeal joint were enrolled from the Department of Foot and Ankle Surgery, Chongqing
Orthopedic Hospital of Traditional Chinese Medicine, between January 2019 and April 2026. The study
group comprised 13 patients (20 feet) treated with rhBMP-2-loaded CPC combined with the NRD
technique, while the control group comprised 27 patients (32 feet) treated with conventional surgery plus
conventional drainage. C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), and serum uric
acid (UA) were assessed preoperatively and at 3 days postoperatively. Visual analogue scale (VAS)
score, American Orthopaedic Foot and Ankle Society (AOFAS) ankle-hindfoot score, and incision healing
time were evaluated preoperatively and at the last follow-up. Postoperative complications were also
recorded.

Results:

Significant differences were observed between the two groups in CRP, ESR, VAS score, AOFAS score,
incision healing time, incidence of delayed incision healing, and overall complication rate (all P < 0.05).
No significant differences were found in UA, incidence of flap necrosis, or infection (all P > 0.05).

Conclusion:

The combined use of rhBMP-2-loaded CPC and the NRD technique for gouty tophus with bone defect of
the first metatarsophalangeal joint can shorten incision healing time, reduce infection and reoperation
rates, and shorten hospital stay. It may also relieve pain, improve joint function and quality of life, and
create favorable conditions for bone regeneration. This approach appears clinically valuable and worthy
of further promotion.

Introduction

Gout is an inflammatory arthritis driven by the deposition of monosodium urate crystals, with an onset

occurring at progressively younger ages and a rising incidence U Gouty tophus represents a hallmark
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manifestation of advanced gout, most frequently involving the first metatarsophalangeal joint 2, and it
not only erodes adjacent soft tissues but also invades underlying bone, resulting in extensive bone
defects and joint destruction BlIIS] yitimately leading to irreversible functional impairment 6. The
management of gouty tophus with bone defect of the first metatarsophalangeal joint remains a
formidable clinical challenge, as the available literature consists largely of case reports 7! that remain at
an exploratory stage. Surgical intervention is still the cornerstone of treatment; however, it is associated
with considerable surgical trauma and a range of postoperative complications, including skin ulceration,
skin defects, persistent exudation, poor incision healing, necrosis, and infection 8] At present, no
surgical approach can completely eradicate gouty tophus, and after surgery, urate crystals, inflammatory
necrotic tissue, and exudate continue to accumulate, creating an urgent need for safe, adequate, and
effective drainage—a need that has become a focal point of current research. Consequently, an ideal
therapeutic strategy should not only restore bone integrity, reestablish the length and height of the first
ray, and recover weight-bearing function, but also provide reliable drainage to prevent wound infection.
To date, no reports have described the combined use of rhBMP-2-loaded CPC and the NRD technique for
treating gouty tophus. Building on successful applications of rhBMP-2-loaded CPC in bone defects
caused by osteomyelitis "% and of NRD in chronic infection and diabetic foot "2l this study
innovatively integrated the two modalities for the treatment of gouty tophus with bone defect of the first
metatarsophalangeal joint. Encouraging clinical outcomes were achieved, and the detailed results are
presented below.

Methods
Study Design and Patient Selection

This retrospective study was approved by the Ethics Committee of Chongqing Orthopedic Hospital of
Traditional Chinese Medicine (approval number: GKYYIRB20240701).

Patients were eligible for inclusion if they met the following criteria: (1) gouty tophus confirmed by
laboratory and imaging findings; (2) lesion located at the first metatarsophalangeal joint, with punched-
out bone destruction and bone defect(Figure 1) confirmed by DR/CT; and (3) age = 18 years.

Patients were excluded if they met any of the following criteria: (1) inability to tolerate or cooperate with
surgery; (2) severe infection, vascular disease, or neuropathy; (3) segmental bone defect; or (4)
incomplete follow-up data. No a priori sample size calculation was performed, as this retrospective
cohort study enrolled all eligible patients. The 95% confidence intervals are presented to demonstrate
the precision of the effect estimates.

The study group included 13 patients treated with rhBMP-2-loaded CPC combined with the NRD
technique between January 2024 and April 2026. The control group included 27 patients treated with
conventional surgery plus conventional drainage between January 2019 and December 2023.
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Surgical Methods

Study group: implantation of rhBMP-2-loaded CPC
combined with the NRD technique

After satisfactory anesthesia, the patient was placed in a supine position, and a tourniquet was applied
at the base of the thigh. Following routine disinfection and draping, a longitudinal incision was made
centered at the apex of the gouty tophus, exposing the lesion. Necrotic skin, fascia, and tendon were
excised, and the gouty tophus was completely removed from the wound. Necrotic bone was resected,
and the wound was copiously irrigated with normal saline.If hallux valgus was present, the conjoined
tendon of the adductor hallucis, lateral joint capsule, and deep transverse metatarsal ligament were
released through the same incision. A small curette was then used for repeated curettage and irrigation
until bleeding from the cancellous bone was visible. Simple internal fixation was performed with
Kirschner wires or by suturing the surrounding soft tissue. The rhBMP-2-loaded CPC(Figure 2) was
implanted into the bone defect, and the soft tissue and skin edges were appropriately trimmed.
Adequate hemostasis was achieved.Following the principle of “high entry and low exit,” drainage tubes
(infusion tubes or blood transfusion tubes) were inserted. The tubes passed through the subcutaneous
tissue, fascia, muscle layer, or bone, traversing the lesion. Two to three tubes formed one group. When
the tubes exited the wound by 5-8 cm, they were ligated and fixed with silk sutures to form a ring-
shaped nose ring drainllFigure 3. The number of drainage tube groups was determined by wound size,
depth, and drainage difficulty. The joint capsule was then tightly sutured, the incision was closed in
layers, and sterile dressings were applied and secured.

Control group: conventional surgery plus conventional drainage

After satisfactory anesthesia, the patient was placed in a supine position, and a tourniquet was applied
at the base of the thigh. Following routine disinfection and draping, a longitudinal incision was made
centered at the apex of the gouty tophus, exposing the lesion. Necrotic skin, fascia, and tendon were
excised, and the gouty tophus was completely removed from the wound. Necrotic bone was resected,
and the wound was copiously irrigated with normal saline.A small curette was used for repeated
curettage and irrigation until bleeding from the cancellous bone was visible. Simple internal fixation was
then performed with Kirschner wires or by suturing the surrounding soft tissue. The soft tissue and skin
edges were appropriately trimmed, and adequate hemostasis was achieved. The joint capsule was
tightly sutured, the incision was closed in layers, and a drainage strip was placed. Sterile dressings were
then applied and secured.

Basic Treatment
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Both groups received urate-lowering therapy. The target serum uric acid level was maintained below 300
pmol/L.

Outcome Measures

CRP, ESR, and serum uric acid (UA) were measured before surgery and at 3 days postoperatively. The
visual analogue scale (VAS) score, American Orthopaedic Foot and Ankle Society ankle-hindfoot
(AOFAS) score, and incision healing time were evaluated before surgery and at the last follow-up (3
months to 1 year postoperatively). Postoperative complications, including delayed incision healing, flap
necrosis, and infection, were recorded. Delayed incision healing was defined as failure of healing with
inability to remove sutures after 14 days postoperatively.

Statistical Analysis

All statistical analyses were performed using SPSS 26.0. Continuous data were first assessed for
normality using the Shapiro-Wilk test. Normally distributed continuous data were presented as mean +
SD, and between-group comparisons were performed using the independent samples t-test. Non-
normally distributed continuous data were presented as median (Q1, Q3); within-group comparisons
were performed using the Wilcoxon signed-rank test, and between-group comparisons were conducted
using the Mann-Whitney U test. Categorical data were presented as n (%). Because of the small sample
size and unbalanced group sizes, Fisher's exact test was used for between-group comparisons of
categorical data. The significance level was set at a = 0.05, and P < 0.05 was considered statistically
significant.

Results

A total of 40 patients were enrollediFigure 44. The study group consisted of 13 patients, all of whom
were male, with involvement of 4 left feet, 2 right feet, and 7 bilateral feet, accounting for 20 feet in total.
Patient ages ranged from 18 to 72 years. The control group comprised 27 patients—26 males and 1
female—with 13 left feet, 9 right feet, and 5 bilateral feet, corresponding to 32 feet overall. Ages in this
group ranged from 27 to 77 years. The duration of gouty tophus in both groups varied between 1 and 10
years.There were no statistically significant differences between the two groups in age (t =-0.97,P =
0.340), sex (Fisher's exact test, P = 1.000), affected side distribution (Fisher's exact test, P = 0.093), or
disease duration (Z =-0.582, P = 0.560). The baseline characteristics were therefore balanced and
comparable between the groups (Table 1).

Table 1. Baseline characteristics of subjects between the two groups
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Characteristic Study group (n=13)  Control group (n=27) P value

Age,y 46.77+14.27 51.11+12.82 0.340
Male, n (%) 13K100.0%HN 26096.3 %N 1.000
Affected side, n (%) 0.093
Left 4)30.8%N 13M48.1 %

Right 20015.4%M ON33.3%H

Bilateral 7K53.8%N 5[18.5%K

Disease course, y 5.00(3.00, 8.50) 4.00(3.00, 6.00) 0.560

Unless otherwise noted, normally distributed continuous data are presented as mean + SD; non-normally
distributed continuous data as median (Q1, Q3); categorical data as n (%). P < 0.05 was considered
statistically significant.

All continuous data were found to be non-normally distributed according to the Shapiro-Wilk test and
were therefore expressed as median (Q1, Q3). Within-group comparisons between preoperative and
postoperative values were conducted using the Wilcoxon signed-rank test, while between-group
comparisons of improvement from baseline were performed using the Mann-Whitney U test. The
significance level was set at a = 0.05.

CRP and ESR levels decreased significantly after surgery in both groups (CRP: study group Z =-3.110, P =
0.002; control group Z =-3.508, P < 0.001; ESR: study group Z =-3.181, P = 0.001; control group Z =
-4.542, P < 0.001). Notably, the magnitudes of improvement in both markers were significantly greater in
the study group than in the control group (CRP: Z =-2.816, P = 0.005; ESR: Z = -2.066, P = 0.039). In
contrast, UA levels showed no significant within-group or between-group differences (study group: Z =
-1.293, P = 0.196; control group: Z =-0.541, P = 0.588; between groups: Z =-1.011, P = 0.312).

Both VAS and AOFAS scores improved significantly after surgery in the two groups (VAS: study group Z =
-4.005, control group Z =-4.986, both P < 0.001; AOFAS: study group Z =-3.926, control group Z =-4.941,
both P < 0.001). Interestingly, the control group exhibited a significantly greater reduction in VAS score (Z
-2.378, P = 0.017), whereas the study group achieved a significantly greater improvement in AOFAS
score (Z =-2.218, P = 0.027). Furthermore, incision healing time was significantly shorter in the study
group than in the control group (Z =-2.792, P = 0.005), indicating more rapid wound recovery in the study

group.

The above efficacy-related indicators are summarized in Table 2.

Table 2. Comparison of observational indexes between the two groups at preoperative and
postoperative stages
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Index Group n Preoperative Postoperative P (intra- P (inter-
group) group)

CRPmg/L Study 13 35.56 (26.23, 8.58 (6.17,11.34) 0.002 0.005
group 52.95)
Control 27 22.68(10.73, 7.88 (5.89, 20.39) ¥0.001 -
group 38.98

ESR,mm/h Study 13 66.00 (58.00, 12.00 (8.00, 16.50) 0.001 0.039
group 73.00)
Control 27  60.00 (40.00, 18.00 (15.00, 10.001 —
group 78.00) 30.00)

UA,umol/L Study 13 540.00(361.50, 500.00 (394.50, 0.196 0.312
group 608.50) 574.00)
Control 27 547.00(456.00, 484.00 (419.00, 0.588 —
group 584.00) 564.00)

VAS score Study 20 6.00(6.00,7.00) 1.00(1.00,2.00) N0.001 0.017
group
Control 32 6.50(6.00,7.00) 2.00 (1.00, 3.00) ¥0.001 -
group

AOFAS Study 20 69.00 (57.50, 86.50 (83.00, ¥0.001 0.027

score group 73.00) 94.00)
Control 32 67.00(65.00, 85.00 (82.25, ¥0.001 -
group 75.00) 89.75)

Incision Study 20 -— 14.00(13.25,14.00) - 0.005

healing time, group

d
Control 32 ~— 14.00(14.00,21.00)  — -
group

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; UA, serum uric acid; VAS,
visual analogue scale; AOFAS, American Orthopaedic Foot and Ankle Society ankle-hindfoot score.

P (intra-group): comparison of indexes within each group between preoperative and postoperative
stages;P (inter-group): cross-sectional comparison between the two groups at the same surgical
stage.Unless otherwise noted, non-normally distributed continuous data as median (Q1, Q3).P < 0.05
was considered statistically significant.

Categorical data on complications were summarized as n (%), and between-group comparisons of
complication rates were conducted using Fisher's exact test. The incidence of delayed incision healing
was significantly lower in the study group than in the control group (15.0% [3/20] vs. 46.9% [15/32]; P =
0.019). No cases of flap necrosis or infection were observed in the study group. In the control group, flap
necrosis occurred in 1 case and infection in 2 cases; these complications were successfully managed
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with secondary debridement and dressing changes, and all wounds subsequently healed. The incidence
of flap necrosis was 0.0% (0/20) in the study group and 3.1% (1/32) in the control group, with no
significant between-group difference (P = 1.000). Similarly, the incidence of infection was 0.0% (0/20) in
the study group and 6.25% (2/32) in the control group, also showing no significant difference (P = 0.517).
The overall complication rate was significantly lower in the study group than in the control group (15.0%
[3/20] vs. 56.25% [18/32]; P = 0.003). Complication-related results are summarized in Table 3.

Table 3. Comparison of postoperative complications between the two groups

Complication Study group (n =20) Control group (n=32) P value
Delayed wound healing 3 (15.0%) 15 (46.9%) 0.019
Flap necrosis 0 (0.0%) 1(3.1%) 1.000
Surgical site infection 0 (0.0%) 2 (6.25%) 1.000
Overall complications 3(15.0%) 18(56.25%) 0.003

Data are presented as n (%). Overall complications were defined as patients with at least one
postoperative adverse event, with each patient counted only once. P < 0.05 was considered statistically
significant.

Discussion

Gouty tophus represents a characteristic clinical manifestation of advanced or chronic gout and can give
rise to severe complications, including skin ulceration, infection, joint deformity, and pathological
fracture ['3l. Intra-articular deposition of urate crystals promotes the formation of gouty tophi, which are
composed of monosodium urate crystals, inflammatory cells, and fibrous tissue. These tophi can inflict
irreversible damage on bone, tendons, ligaments, and the joint capsule (4] The first metatarsophalangeal
joint serves as a critical weight-bearing structure of the foot, and its length and height are essential for
maintaining the integrity and function of the foot arch [15], Gouty tophus can progressively destroy the
first metatarsal, proximal phalanx, and metatarsophalangeal joint, resulting in bone defects and
compromised joint stability, ultimately impairing weight-bearing capacity (16l The surrounding ligaments,
tendons, and joint capsule may be eroded or ruptured, leading to joint dysfunction. In addition, skin
ulceration and persistent exudation may develop, with the potential for secondary infection (71, mild
cases primarily affect appearance, whereas severe cases can lead to joint deformity and considerable
functional impairment. In extreme cases, amputation may become necessary and can result in
permanent disability.

Bone defects resulting from gouty tophus possess distinctive characteristics. First, the local milieu of
chronic inflammation and elevated urate concentrations may suppress osteoblast activity. Second, the
erosive nature of gouty tophus frequently produces irregular cystic defects, necessitating materials with
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favorable plasticity and filling capacity. Third, affected patients often present with systemic metabolic
abnormalities.For bone defects, autologous bone grafting has traditionally been regarded as the “gold
standard.” Nevertheless, this approach is constrained by considerable limitations, including donor site
morbidity, restricted graft availability, and prolonged operative time ['81%] thBMP-2 is widely
acknowledged as one of the most potent osteoinductive factors, capable of driving the differentiation of
mesenchymal stem cells into osteoblasts and initiating bone regeneration 20 cPC exhibits favorable
biodegradability, biocompatibility, and osteoconductivity 2] and has been extensively applied in bone
defect repair 22 The incorporation of rhBMP-2 into CPC carriers yields a composite biomaterial that
combines osteoinductive and osteoconductive properties. Although direct evidence regarding the use of
rhBMP-2/CPC for gouty tophus-associated bone defects remains limited, substantial evidence supports
its application in maxillofacial surgery, oncology, spinal surgery, and orthopedic trauma for managing
complex bone defects, including post-tumor resection defects, infectious bone defects, and traumatic
bone defects [231241[251126] consequently, this strategy holds considerable translational potential and may,
in principle, offer an optimal reparative approach for the complex bone defects that remain after gouty
tophus removal.

NRD, or the "nose ring drain," is a continuous drainage technique in which at least two cylindrical infusion
or blood transfusion tubes are passed through the subcutaneous tissue, fascia, muscle layer, or even
bone. The tubes exit the skin and are secured in a ring configuration. Drainage is facilitated by the inter-
tube spaces and by postoperative back-and-forth manipulation and irrigation of the tubes, enabling
continuous flow from a high entry point to a low exit point across the lesion. NRD is readily accessible,
cost-effective, technically straightforward, and provides reliable drainage, which has led to its
widespread use in chronic complex infected wounds, degloving injuries, and diabetic foot [271128] yrate
crystals tend to adhere to the surrounding fibrous tissue and cartilage surface, rendering complete
removal of gouty tophus practically impossible [29], Following surgery, urate crystals, inflammatory
necrotic tissue, and exudate continue to accumulate, creating an urgent demand for safe, adequate, and
effective drainage. Consequently, an optimal therapeutic strategy should not only address the bone
defect, restore the length and height of the first ray, and reestablish weight-bearing function, but also
provide sufficient drainage to effectively prevent wound infection. By combining rhBMP-2-loaded CPC
implantation with the NRD technique, both bone repair and infection control can be achieved in the
treatment of gouty tophus, offering a practical solution to these clinical challenges.

The present study demonstrated that the study group was significantly superior to the control group in
reducing inflammatory markers, including CRP and ESR, as well as in shortening incision healing time.
Previous research 3% has suggested that urate crystal deposition in gouty tophus induces local tissue
ischemia and a sustained inflammatory response, ultimately contributing to chronic non-healing wounds.
Similarly, Kumar et al. B identified delayed incision healing as the most common postoperative
complication following gouty tophus surgery, and the complication profile observed in the present study
is broadly consistent with that finding. Notably, the incidence of delayed incision healing was markedly

lower in the study group than in the control group, and no serious complications such as flap necrosis or

Page 10/20



infection occurred in the study group.The authors’ analysis suggests that these favorable outcomes may
be attributable to the following technical advantages of rhBMP-2-loaded CPC combined with the NRD
technique. First, implantation of rhBMP-2-loaded CPC into the bone defect can effectively eliminate dead
space. Second, compared with traditional drainage methods (e.g., rubber strips, drainage tubes, and
vacuum sealing drainage [VSD]), the NRD is ring-shaped and through-and-through. The inter-tube spaces
are less prone to obstruction, and the tubes can be manipulated back and forth and irrigated, allowing
stepwise, small-volume, and progressive debridement—akin to a silkworm nibbling mulberry leaves.
Because the tubes rarely become blocked, they enable continuous and adequate drainage and can
remain in place for an extended period. This approach addresses the challenge of incomplete urate
crystal clearance and persistent postoperative exudation.With regard to uric acid, no significant within-
group or between-group differences in UA levels were observed. Although most gouty tophi were
surgically removed, no appreciable short-term effect on UA was detected. Therefore, long-term urate-
lowering therapy remains essential, with the target serum uric acid level maintained below 300 pmol/L
321 At the final follow-up, VAS scores had decreased and AOFAS scores had increased in both groups
relative to preoperative values, indicating significant improvements in pain and function. These
improvements may be attributed to the resolution of gouty tophi, reduced friction with footwear, and
enhanced joint range of motion. The superiority of the study group may be further explained by its more
favorable anti-inflammatory effect, earlier initiation of functional exercise, and the beneficial
biomechanical properties of rhBMP-2-loaded CPC.

Historically, surgeons have been reluctant to perform complete removal of gouty tophus due to concerns
over wound infection and uncertainties regarding subsequent bone reconstruction. However, the current
strategy combining rhBMP-2-loaded CPC with the NRD technique offers several distinct advantages. The
rhBMP-2-loaded CPC not only provides favorable biomechanical properties that facilitate early weight-
bearing but also eliminates dead space following implantation. Meanwhile, the NRD technique ensures
continuous drainage. Together, these complementary effects effectively address the dual challenges of
infection control and bone reconstruction. Accordingly, we recommend that gouty tophus be excised as
completely as possible during surgery.With respect to surgical timing, several authors [331134] have
advocated that patients with symptomatic gouty tophus should undergo active surgical excision to
prevent irreversible joint damage. Our clinical experience aligns with this perspective. In addition, we
emphasize that strict postoperative control of serum uric acid is essential to manage the disease at its
source.Regarding bone defect management, we recommend that contained defects—characterized by
preserved cortical support and limited loss of internal cancellous bone—be treated with rhBMP-2-loaded
CPC for filling and structural repair. In contrast, when defects progress to a non-contained state, exhibit
>50% circumferential cortical bone loss, or evolve into segmental defects, autologous bone grafting, the
Masquelet technique, or llizarov bone transport should be considered.

Limitations

This study has several inherent limitations. First, as a retrospective investigation, it was inevitably
constrained by the intrinsic shortcomings of retrospective data. During the long-term follow-up of the
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study group treated with rhBMP-2-loaded CPC combined with the NRD technique, a number of patients
were lost to follow-up owing to changes in contact information, missed outpatient appointments, or
refusal to return for reevaluation because they reported no significant discomfort. In addition,
incomplete clinical records further compromised data integrity. Consequently, the long-term healing
status of the bone graft area could not be incorporated into the final statistical analysis.Second, the
relatively small sample size may limit the generalizability and reliability of the findings. To strengthen the
evidence base, future investigations should involve larger sample sizes, adopt multicenter randomized
controlled trial designs, and extend the duration of follow-up. Such efforts would help further validate the
current conclusions and enhance both the scientific robustness and clinical applicability of this
approach.

Conclusion

In conclusion, the combined application of rhBMP-2-loaded CPC and the NRD technique for treating
gouty tophus with bone defect of the first metatarsophalangeal joint can effectively shorten incision
healing time, reduce the risks of infection and reoperation, and decrease hospital stay. Furthermore, this
strategy can alleviate pain, enhance joint function and quality of life, and establish favorable conditions
for bone regeneration. These findings indicate that the approach holds considerable clinical value and
merits broader application.

Abbreviations

RhBMP-2-loaded CPC

recombinant human bone morphogenetic protein-2 loaded self-setting calcium phosphate cement
NRD

nose ring drainlCRP,C-reactive protein

ESR

erythrocyte sedimentation rate
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serum uric acid

VAS

visual analogue scale

AOFAS

American Orthopaedic Foot and Ankle Society ankle-hindfoot score.
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Figures

Figure 1

The arrow indicates punched-out bone destruction caused by gouty tophus.
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Figure 2

Gross appearance of rhBMP-2-loaded CPC.
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Figure 3

Gross appearance of the nose ring drain (NRD) after gouty tophus surgery.
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Figure 4

Flowchart illustrating the inclusion of the study population.
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